Sand pine is a very important species in Florida, producing significant quantities of fiber. The purpose of this study was to develop the site index and stand-level growth and yield equations managers need to make informed decisions. Data were collected from 35 seeded plots of Ocala sand pine covering a rmge of site indexes, ages, and densities in 1982-83. These plots were remeasured 5 and 10 years later and the data used to develop growth and yield equations by tree component. Equations for both current and future yields in volume and weight measures are given. These equations gave very good results when tested by comparing actual yields with predicted yields for a second set of 22 sand pine plantations measured in the panhandle area of Florida.
Introduction
Sand pine stands in the Ocala National Forest and those Sites with deep, sandy soils form a small but significant land nearby in Putnam and St. Johns Counties were growing on resource [3.2 million hectares (ha)] in the Southeastern Astatula or Paola sand soils (hyperthermic, uncoated United States. The Choctawhatchee (Pinus clausa var. Quartzipsamments). These soils consist of deep, droughty immuginata D.B. Ward) and Ocala (P. clausa var. clausa) sand deposits from former dunes, offshore bars, and barrier varieties of sand pine grow naturally on these dry, sandy sites in northwestern and peninsular Florida, respectively. Many Table 1 -Distribution of 57 Ocala sand pine biomass of the sandy sites in Florida, once occupied by low-quality plots by initial age and location in Florida scrub oaks generally unsuitable for forest products, have been converted to sand pine. Sand pine has also been extensively planted on sandy sites in Georgia and South Carolina (Bums 1973, Hebb 198 1, McNab and Carter 198 1, Preston and Price 1979) .
Producers and managers are interested in expected growh and yield for these sand pine stands. Prediction equations for individual tree contents have been developed (McNab and others 1985 , Rockwood and others 1987 , Taras 1980 ), but equations for site index (SI) and stand-level yields from Ocala sand pine are not available. This paper presents equations developed to quantify SI, tree momlity, aboveground biomass, and growth and yield for Ocala sand pine stands in Florida.
islands. The complex, undulating topography generally has slopes from 0 to 8 percent with occasionally steeper areas near sinks and lakes. Planted s m d s in the panhandle area were on Lakeland sand (tbemic coated typic Quartzipsamment). Ldeland soil formed from s a d deposited by oceans, rivers, and wind. The terrain is broad, nearly level to gently sloping with gradients from 0 to 12 percent.
Inventory
Betvveen June 1982 and December 1983,57 pemanent plots were installed in the study area+ne plot per stand (table 1) . Square 15-by 15-meter (m) plots were installed in low density stands (<2,000 trees per ha). Smaller 10-by 10-m plots were installed in high density stands (22,000 trees per ha). All trees on these plots were tagged and numbered, and diameter at breast height (d.b.h.) was measured to the nearest millheter (mm). Total height and height to the base of the live crown were measured to the nearest 0.5 rn for all trees. Trees on the 35 plots located on the Ocala National Forest were remeasured 5 (1987-88) and 10 (1992-93) yeus after initial plot establishent.
Data Surnmary and Analysis
Using equations developed by Rockwood and others (19871, 20 biomass components were estimated for every tree on each sample plot: stem wood volume inside bark (SVIB), stem volume outside bark (SVOB), and green and dry weight for stem wood, stem bark, stem, branch wood, branch bark, branch, foliage, crown, and tree (table 2) . Summing values for all trees on a plot provided yields on a per area basis.
Site index function and curves-Polmorphic SI curves were developed using the initial height and age of up to 10 dominant and codominant trees on each of the 35 Ocala National Forest plots. Our height-age model was based on a modified form of the equation used by Bailey and Clutter (1 974) and Cao and Durand (1 99 1):
where Applying the namral logarithm to equation ( Survival prediction-A fairly broad spectrum of tree survival data were gathered from the Ocala National Forest plots over the 10-year period of the study. Initial tree ages ranged from 5 to 40 years, and initial densities fkom 444 to 22,000 trees per ha. The survival model of Clutter and Jones (1 980) and Pienaar and others (1 990) was applied to these data: Stand-level growth and yield equations-Equations, based on the data collected from the Ocala National Forest plots at time 0,5, and 10 years, were developed to predict yield. Using age, surviving trees per ha, SI, and basal area, the following equations were generated:
Site index in m for Ocala sand pine at SA 50 years was determined by solving equation (8) for SI:
where Y = the stand yield per ha, and a, b, and c = coefficients estimated from the data.
where a l , a2, a3, a4, and a5 = coefficients esthated from the data.
Model evaluation and verification-To test agahst an independent data set, the models developed from the 35 Ocala National Forest plots were tested against the values measured in 1982 and 1983 on the 22 plots in the plmted stands. To test actual and predicted data, they were compared using the following equation:
where
ResuIts and Discussion
Site index-Data from the 35 sites on the Ocala National Forest provided the following solutions to equation (3):
Site index estimates for each plot and SI curves were constructed from equation (9).
The seeded and planted plots represented a range of site indices ( fig. 1 ). Within the 35 seeded stands, the youngest plots were on sites with indices ranging widely &om 14 to 32 m. Plots in lower density stands initially 16 to 25 years of age had SIs from 20 to 30 m. A trend toward decreasing SI with increasing age suggests a possible bias in the data; the oldest seeded stand was located on a poor site.
Plots in planted stands represented a somewhat similar range of site conditions. Plantations from I1 to 25 years of ,age were on sites predicted to grow trees 20 to 30 m tall in 50 years. Plots in the youngest plantations had high SIs.
The SI curves presented in figure 2 show the polymorphic height growth expected over a 50-year period. Height growth an good sites is predicted to be rapid at early ages, with decreasing rates at older ages. On poorer sites, height growth is expected to be less but more consistent over time.
Suwival prediction-ne survival equation generated from equalion (4) for initial densities of less than 18,200 trees per ha follows: The high R2 is important because survival prediction is critical to accurate growth and yield prediction. Figure 3 shows survival curves for six initial densities ranging from 1,100 to 1 8,000 trees per ha from ages 6 to 50. Survival is predicted to drop significantly for initial densities 2 12,000 such that by age 50 stand densities are near 4,000 trees per ha.
Basal area prediction-A simultaneous estimation procedure following techniques of Pienaar and others (1990) was used to estimate parameters in equations (1 1) and (12). Applying model (51, current sand pine basal area in m2 per ha can be predicted: 
These two equations are compatible because the projection equation uses the same coeficients in a different form of the prediction equation. This ensures that the basal area projected at age A2 from the basal area at age A1 with equation (12) will be the same as the predicted basal area at age A2 given by equation (1 1) with N2 and SI. Figure 4 shows stand basal areas for six initial densities and four SIs.
Stand-level growth and yield equations-Stand average tree contents (Rockwood and others 1987) were successfully modeled as functions of stand basal area, SI, and age. For example, a stand's average tree SVOB (m3) can be calculated:
In &FOB) = -13.8155 + In {1,728 * lo3 
with R2 = 0.987.
Using equation (14) in a simultaneous estimation procedure, the future SSVOB projection model was developed: 
Stand growth and yield models can be applied to various basal areas, SIs, initial stand densities, and ages. For example, at SI = 28, stand volume ranged from 4 m3 per ha at age 6 years and an initial density of 1,100 trees per ha to 3 19 m3 per ha at age 50 with an initial density of 18,000 trees per ha at age 6 years (table 3, fig. 5 ). For SI = 24 at age-6 densities of 1,100 and 18,000 trees per ha, the expected yields are 85 m3 per ha and 228 m3 per ha at age 50 years, respectively. At SI = 16, stand volume ranged from 35 m3 per ha to 99 m3 per ha (N= 1,100 -18,000) at age 50 years.
Model evaluation-Model (I 5) provided good estimates at the initial and at future ages. In the case of SSVOB, volumes predicted by model (15) were typically within 5 percent of the observed volumes. Using the actual data from the 35 Ocala National Forest plots to test the model:
with R2 = 0.942 1.
Age (years)
Figure 3-Survival of Ocala sand pine through age 50 years for initial age-6 stand densities ranging from 1,100 to 18,000 trees per hectare.
Table 3-Predicted Ocala sand pine stand total stem
In the 22 plantation plots, the predicted and actual values volumes outside bark (m3/ha) at six ages for four site did not differ significantly and were randomly distributed indices and four initial stand densities at age 6 years ( fig. 6 ). For different management objectives, the best stand option can be selected based on these yield predictions.
Equation (6) can be used to predict stand contents for all traits that can be predicted on an individual tree basis, i.e., the 20 volumes and weights in 
